Biological sewage purification processes may be described by kinetic and ecological approaches (18) . A presupposition for the ecological approach is the quantitative and qualitative knowledge of the species composition of the microbial communities participating in these processes. However, this knowledge is still incomplete because investigations referring to it are restricted by severe methodological and taxonomic difficulties (17, 19) . The methodological difficulty is basically that many bacterial species cannot be isolated or cultivated, due to unknown requirements for suitable growth conditions. Moreover, even if those problems were solved, the exact taxonomic definition of the respective isolates would provide further difficulty because as yet undescribed bacteria are often found, and also because there is sometimes considerable confusion about the taxonomy of described bacteria (e.g., Flavobacterium [9, 14] ).
In the present study, one source of these problems has been focused on by observing the occurrence of bacteria belonging to the Cytophaga group. These common soil and water bacteria (3) have been selected for this study because they were considered to be well adapted to biological sewage purification, due to their gliding motility on solid surfaces and their wide range of degradation capacities. Moreover, this study integrated well into the current investigations Reichenbach , manuscripts in preparation). The experimental approach to this study consisted of taking samples from different sewage plants continuously over a period of 16 months and analyzing their microbial composition by using plate count methods with the application of different media and of different incubation temperatures. Thus, besides showing the occurrence of cytophagas in sewage treatment facilities, additional information on the role of these bacteria in sewage purification could be given.
MATERIALS AND METHODS
Activated sludge samples were taken from the sewage works of Bad Harzburg, Homburg, Salzgitter-Bad, Salzgitter-Lebenstedt, Schladen, Schoppenstedt, and Wolfenbuttel, all in the region of Braunschweig in the northeastern part of West Germany. Samples of trickling filters came from the sewage plants of Salzgitter-Lebenstedt and Wolfenbuttel. Sterile glass bottles were used as sampling vessels. Samples from trickling filters were taken from the upper layer of the filter stones with sterile forceps. All samples were kept cool and brought into the laboratory within 2 h after sampling.
In the laboratory, samples were diluted 10-fold with phosphate buffer (0.01 M; pH 7.0) and were then homogenized in an ice-jacketed Sorvall blender (2 min). The samples were further diluted with phosphate buffer to a dilution of 10-5 to 10-6. [20] ) and vy/2 agar (0.5% bakers' yeast, 0.1% CaCl2.2H20, 0.1 mg of vitamin B12 per liter, 1.5% agar) were employed as complex media. Estimates of proteolytic and of polysaccharide decomposing bacteria were done on double-layer agar plates as described by Reichardt (23) . A basal layer of mineral agar was poured and over it was placed an upper layer of the same agar which contained an addition of 0.5% of the respective C source (gelatin, chitin, dextran, pectin, xylan). Cellulolytic microorganisms were estimated by counting lytic colonies on filter paper. The filter papers were placed onto mineral agar plates, which were inoculated with the samples. All plates were incubated at 200C for 10 days. For tests of temperature dependence, parallel plates were incubated at 5 and at 30°C. Cellulolytic colonies were counted 24 days after inoculation. The colonies on the original agar plates were differentiated by colony form, by pigmentation, and by the flexirubin test with KOH. A positive reaction in the KOH-flexirubin test was given if the color of colonies changed from yellow or orange to red after dropping 20% KOH onto the colonies (21) . Pure isolates were tested for the formation of spreading colonies on vy/2 agar. Gliding motility was verified microscopically in agar slide cultures and in wet mounts of cells grown for 24 h on vy/2 agar. Tests for flocculent or filamentous growth were done in liquid Cy media.
RESULTS
Differentiation of cytophagas. To rapidly quantitate the number of Cytophaga colonies on agar plates, a simple but sufficiently reliable method to directly differentiate Cytophaga colonies from other colonies on the agar plates was sought. The KOH test for flexirubin pigmentation promised to fulfill those requirements because the distribution of these pigments seems to be restricted to bacteria belonging to the family Cytophagaceae (21) . This was tested by comparing the frequency of flexirubin pigmentation with the frequency of known key characteristics of cytophagas, such as yellow pigmentation and gliding motility, among 78 yellowpigmented, nonflagellated strains isolated from activated sludge samples ( was also found in all further samples, independent of the observed seasonal variations. Thus, considering this relative increase of cytophagas combined with the minimally 10-fold increase in absolute numbers of bacteria from the inflow to the activated sludge reactor and trickling filter (17) , it was concluded that the environmental conditions occurring in these habitats were favorable for the multiplication of cytophagas.
Seasonal variations. For a broader statistical base of infornation and for the detection of eventual seasonal changes, samples were taken monthly from the activated sludge of the sewage plants of Wolfenbuttel and Salzgitter-Lebenstedt during 16 months. Samples from trickling filters of these sewage plants were investigated less frequently. Furthermore, activated sludge samples from five additional smaller sewage plants were included in the investigations, with samples taken semiannually. The results suggested a clear relationship between the occurrence of cytophagas and the respective season in all sewage plants investigated ( Fig. 2 and 3 ; Tables 2 and 3 ). In the activated sludge samples of Wolfenbuttel and Salzgitter-Lebenstedt the proportions of KOH-positive counts initially (February and March 1977) ranged between 7 and 10% of the total counts. Then their percentage of the total counts fell during the summer months to values in the range of 2 to 3%, but rose again during the following winter months (Fig. 2) . These strong seasonal differences were also observed in the activated sludge samples of the five sewage plants additionally investigated, in which the winter samples had considerably higher percentages of KOH-positive colonies than the corresponding summer samples (Fig.  3 (Tables 2 and 3) . Also, the ratio of KOH-positive to spreading colonies was not constant. However, in activated sludge almost all spreading colonies were KOH-positive, whereas in trickling filters sometimes high numbers of yellow-pigmented, spreading, KOH-negative colonies were observed. These consisted mostly of bacteria belonging to the genus Lysobacter (2), which has already been shown to occur in sewage plants (4) . The other non-Cytophaga-like colonies occurring on the agar plates could only be roughly classified within this study. Accordingly, representatives of Alcaligenes, Caulobacter, Pseudomonas, Nocardia, Zoogloea, and coryneforms were observed most often. As suggested by microscopic observations and by macroscopic patterns (pigmentation, form) of the colony composition on agar plates, the relative proportions of these different groups were not constant during the observation period. Thus, seasonal population shifts as observed with the cytophagas were assumed to be common in microbial activated sludge communities.
The absolute number of total colony counts always fell in the range of 108 colonies per ml in the activated sludge samples ( Table 2 ). In some cases, direct microscopic counts were done with diluted, homogenized samples. The values obtained were always one or two orders of magnitude higher than the corresponding plate counts. In the trickling filter samples, colony counts were not comparable with each other because samples taken with forceps were not quantifiable, and therefore there were no suitable reference parameters. Considerable discrepancies between direct microscopic and plate counts were also observed in these samples.
Potential role of cytophagas in sewage plants. The observation that cytophagas were more enriched during the cold season suggested that these bacteria could compete more successfully with other bacteria at cold temperatures, presumably due to psychrotrophic growth characteristics. This was confirmed by incubating parallels of agar plates at different temperatures. In all cases, the ratio of KOH-positive colonies to total heterotrophic colonies was higher at 5°C and lower at 30°C compared with the percentage obtained at 200C. Moreover, total colony counts from winter samples were also nearly as high at an incubation temperature of 50C as at one of (Table 4) . Thus, the results obtained indicated that those bacteria were generally selected which were adapted to the respective in situ temperatures.
Further information on the potential role of cytophagas in sewage purification was obtained by plating out all samples on various agar media containing different polymeric substrate sources. These were comprised of cellulose, chitin, dextran, pectin, and xylan to estimate the number of bacteria lytic to these polysaccharides. Additionally, gelatin agar was used for estimates of proteolytic colonies. Total counts of colonies lytic to these substrates were always at least one order of magnitude lower than the total colony counts on Cy agar. However, KOH-positive colonies made up rather high proportions of the lytic colonies, reaching from an average of 12% of proteolytic colonies to an average of 41% of cellulolytic colonies (Fig. 4) . Other than this demonstrated degradation capacity for a wide range of pure polymeric substrates, KOH-positive colonies were also capable of lysing complex macromolecules occurring in activated sludge extract or in yeast cells. On activated sludge extract agar or on vy/2 agar (yeast cells + vitamin B12), KOH-positive colonies represented an average 11 and 25%, respectively, of those colonies which produced clear zones of lysis on these agar media.
Because of the known importance of bacterial floccing or filamentous growth for the performance of the activated sludge process (19) , the ability to form flocs or filaments by the cytophagas was also tested. However, of 30 KOH-positive activated sludge isolates tested, none showed flocculent growth in liquid Cy media. Furthermore, none of the KOH-positive isolates grew continuously as filaments, although fila- Major groups of cytophagas. During this study, more than 200 isolates of KOH-positive colonies were obtained in pure culture. Of these, only a few selected type isolates have so far been subjected to thorough taxonomic investigations (Behrens and Reichenbach, and Hirsch and Reichenbach, in preparation). Therefore, it is too early to make any final conclusions on the precise taxonomic relationship of these isolates with other Cytophaga strains. However, the KOHpositive isolates may presently be placed into three major groups on the basis of few morphological and physiological differentiation criteria (Table 5 ). They are as follows.
(i) Spreading group. Isolates belonging to the spreading group corresponded in most aspects to the characteristics assumed to be common for cytophagas (2) . They all showed gliding motility and formed spreading colonies on vy/2 agar. They could decompose at least one of the following polysaccharides: chitin, dextran, pectin, or xylan. Additionally, gelatin was utilized by all of these isolates. Among 20 isolates tested, 18 showed growth in liquid media containing glucose as the sole source of carbon and energy. Only 1 of 20 tested strains could grow in liquid Cy media at 300C, whereas all strains showed good growth at 5, 10, and 20°C. Colonies belonging to this group contributed the largest part of the increase in KOH-positive colonies observed during the winter months, whereas in summer they seldom reached proportions exceeding 1% of the total heterotrophic counts. (ii) Nonspreading group. Strains belonging to the nonspreading group differed from the "typical" Cytophaga pattern because none of these strains was observed to form spreading colonies. However, under direct microscopic observation in wet mounts, all of them demonstrated the same type of motility as the strains belonging to the spreading group. This may be described as active motions following the long axis of the cell with frequent changes of direction. However, in contrast to the spreading group, no coordinated cell movement was observed in agar slide cultures. growth at 50C, but they grew well at temperatures up to 30°C. Colonies belonging to this group were present throughout the whole year in activated sludge and trickling filters and they constituted nornally more than 2% of the heterotrophic colony counts.
(iii) Cellulolytic group. This group consisted entirely of slender, spindle-shaped bacteria with very fast gliding motility. Some of the strains formed microcysts which were stable up to temperatures of 600C and which certainly belong to the genus Sporocytophaga. All of these bacteria had a very narrow substrate spectrum, because growth was generally observed only when cellulose was present in the culture medium. A few strains were capable of growth on glucose or cellobiose, but they required a longer time of adaptation to these substrates. No growth at all occurred in liquid Casitone or in nutrient broth media without the addition of cellulose. No spreading colonies were observed on vy/2 agar. These bacteria showed no psychrophilic characteristics, because they only grew at temperatures above 150C. The occurrence of these bacteria in sewage plants has already been noted (11) . In the present study, these bacteria represented the main group of lytic colonies on filter paper media (Fig. 4) Due to the lack of suitable direct detection criteria, the desired information as to the potential role of cytophagas in the sewage purification systems was restricted to data available by indirect plate count methods. According to the results obtained by these indirect plate counts, it is suggested that cytophagas may contribute to the purification process especially at cold temperatures and by polymer breakdown. It must be remembered, however, that plate count methods provide only very limited information on the real importance of a certain bacterial group in a natural habitat because of the commonly observed low counting efficiencies (17) and because of unknown actual in situ activities of the respective bacterial group. Nevertheless, the importance of cytophagas as was hypothesized by plate count results could be confirmed indirectly by several chemostat enrichment cultures. In these cultures, which were inoculated with activated sludge samples, an enrichment of cytophagas was regularly observed when cultures were fed polymeric substrate sources (H. Gude, Microb. Ecol., in press). Moreover, polymer degradation and psychrotolerance have been demonstrated as important selection factors favoring the growth ofcytophagas in natural waters and in laboratory microcosms (5, 7, 8, 22) .
The Cytophaga strains isolated here apparently do not contribute directly to floc formation in the activated sludge process, because flocculent growth was not observed with any of the tested strains under the given culture conditions. Thus, cytophagas may represent a further example of the activated sludge floc inhabiting non-floc-forming bacteria, which were observed to occur frequently (25) . However, cytophagas may participate in filamentous bulking of activated sludge. Although in the activated sludge reactors investigated, filamentous bulking caused by yellow gliding bacteria was never observed, many of the tested strains showed, at least during certain growth phases, filamentous growth forms. Furthermore, sometimes abundant growth of filamentous, yellow-pigmented, flexirubin-positive bacteria with a guanine plus cytosine content of 34% (H. Behrens, unpublished data) was observed in the chemostat enrichment cultures mentioned above. Filamentous yellow pigmented gliding bacteria from activated sludge origin were also observed by other authors (6, 24, 26) .
In conclusion, it can be stated that cytophagas may indeed represent one of the bacterial groups integrated into the complex process of biological sewage purification. Presently, however, the real importance of cytophagas, as well as that of other bacterial groups, can be only roughly evaluated because we are still far away from a complete understanding of the intrinsic structure of these systems. To achieve this aim, many further studies on the microbial ecology of sewage purification, combined with an improvement of the methodology, are urgently needed.
ACKNOWLEDGMENTS
The present study was started on the initiative of H. Reichenbach. He, as well as H. Behrens and I. Hirsch, contributed to it by many fruitful discussions. I owe further thanks to W. R. Strohl and M. Hofle for critical reading of the manuscript. Additionally, the permanent help in practical questions given by W. Froetel and G. Grisebach from the sewage plant of Wolfenbuttel is gratefully acknowledged.
